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TRANSMITTAL LETTER TO THE UNITED ST/fr^ J£/ ATTORNEYS DOCKET NUMBER 50778 

DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 U.S. APPLICATION NO. (If known, see 37 CFR 1 .5) 

INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED 
PCT/EP00/09020 15 September 2000 1 0ctober 1999 

TITLE OF INVENTION: ACTIVATION OF PASSIVATED IRON ~ 

APPLICANT(S) FOR DO/EO/US Frank OHLBACH, Rolf FISCHER, Hermann LUYKEN, Johann-Peter MELDER 

Martin MERGER, Andreas ANSMANN, Peter BASSLER 

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following 
items and other information: 

1 . IYJ This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. / / This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. 1X1 This express request to begin national examination procedures (35 U.S.C.371 (f)) at any time rather than delay examination until 
the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

4. /x / A proper Demand for International Preliminary Examination was made by the 1 9th month from the earliest claimed priority date. 

5. IXI A copy of the International Application as filed (35 U.S.C. 371 (c)(2)). 

a. /X/ is transmitted herewith (required only if not transmitted by the International Bureau). 

b. / / has been transmitted by the International Bureau. 

c. / / is not required, as the application was filed in the United States Receiving Office (RO/USO). 

6. IXI A translation of the International Application into English (35 U.S.C. 371 (c)(2)). 

7. IX I Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)). 

a. /X / are transmitted herewith (required only if not transmitted by the International Bureau). 

b. / / have been transmitted by the International Bureau. 

c. / / have not been made; however, the time limit for making such amendments has NOT expired. 

d. / / have not been made and will not be made. 

8. /X / A translation of the amendments to the claims under PCT Article 1 9(35 U.S.C. 371(c)(3)). 

9. / x / An oath or declaration of the inventor(s)(35 U.S.C. 1 71 (c)(4)). 

10. // A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 371 (c)(5)). 
Items 1 1 . to 16. below concern other documents) or information included: 

1 1 . / X / An Information Disclosure Statement under 37 CFR 1 .97 and 1 .98. 

1 2.1 x / An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 

1 3. /x / A FIRST preliminary amendment. 

// A SECOND or SUBSEQUENT preliminary amendment. 

14. // A substitute specification. 

15. // A change of power of attorney and/or address letter. 

1 6. /x / Other items or information. 

International Search Report 

International Preliminary Examination Report 
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U.S. Appln. No. (if Known) INTERNATIONAL APPLN. NO. 

PCT/EP00/09020 



ATTORNEY'S DOCKET NO. 
50778 



17. 1X1 The following fees are submitted 

BASIC NATIONAL FEE (37 CFR 1 .492(a)(1)-(5)): 

Search Report has been prepared by the 

EPO or JPO $890.00 

international preliminary examination fee paid to USPTO 
(37 CFR 1.482) $710.00 

No international preliminary examination fee paid to 
USPTO (37 CFR 1.482) but international search fee paid 
to USPTO (37 CFR 1 .445(a)(2)) $740.00 

Neither international preliminary examination fee 

(37 CFR 1 .482) nor international search fee 

(37 CFR 1 .445(a)(2)) paid to USPTO $ 1 ,040.00 

International preliminary examination fee paid to 
USPTO (37 CFR 1.482) and all claims satisfied pro 
-visions of PCT Article 33(2)-(4) $1 00.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



PTO USE ONLY 



Surcharge of $130.00 for furnishing the oath or declaration 
later than / / 20 / /30 months from the earliest 
claimed priority date (37 CFR 1.492(e)). 



Total Claims 
Indep. Claims 
Multiple dependent claim(s)(if applicable) 



X$18. 
X$84. 
+280. 



TOTAL OF ABOVE CALCULATION 



Reduction of 1/2 for filing by small entity, if applicable. 
Verified Small Entity statement must also be filed 
(Note 37 CFR 1.9, 1.27, 1.28). 



Processing fee of $130. for furnishing the English 
translation later than / /20 / /30 months from the 
earliest claimed priority date (37 CFR 1 .492(f)). 



TOTAL NATIONAL FEE 



Fee for recording the enclosed assignment (37 CFR 1 .21 (h)). 
The assignment must be accompanied by an appropriate cover 
sheet (37 CFR 3.28, 3.31) $40.00 per property 



TOTAL FEES ENCLOSED 



Charged 



A check in the amount of $ 930.0 0 to cover the above fees is enclosed. 



b./ / Please charge my Deposit Account No._ 
is enclosed. 



_in the amount of $_ 



_ to cover the above fees. A duplicate copy of this sheet 



c./X/ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit 
Account No. 11-0345 . A duplicate copy of this sheetis enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1 .494 or 1 .495 has not been met, a Detition to revive (37 CFR 1 .137(a) or (b) must 
be filed and granted to restore the application to pending status. f / S \ fa 

SEND ALL CORRESPONDENCE TO : SIGNATURE 
KEIL & WEINKAUF 

1101 Connecticut Ave., N.W. Herbert B. Keil 

Washington, D. C. 20036 NAME 

Registration No. 18,967 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

OHLBACHetal. ) BOX PCT 

International Application 
PCT/EP 00/09020 

Filed: September 15, 2000 
For: ACTIVATION OF PASSIVATED IRON 

PRELIMINARY AMENDMENT 

Honorable Commissioner of 
Patents and Trademarks 
Washington, D.C. 20231 

U Sir: 

pS Prior to examination, kindly amend the above-identified application as follows: 

§ IN THE CLAIMS 



Kindly amend the claims as shown on the attached sheets. 



O REMARKS 

The claims have been amended to eliminate multiple dependency and to place them in 

O better form for U.S. filing. No new matter is included. 

til 

£i A clean copy of the claims is attached. 

© Favorable action is solicited. 

O 

m Respectfully submitted, 

KEIL & WEINKAUF 



Herbert B. Keil 
Reg. No. 18,967 



1101 Connecticut Ave., N.W. 
Washington, D.C. 20036 



(202)659-0100 



CLEAN VERSION OF AMENDED CLAIMS - OZ 50778 

3. A process as claimed in claim 1 , wherein the nitrile used is an aliphatic nitrile. 

4. A process as claimed in claim 1 , wherein the nitrile used is a compound selected 
from the group consisting of adiponitrile and 6-aminocapronitrile. 



MARKED VERSION OF AMENDED CLAIMS - OZ 50778 

3. A process as claimed in claim 1 [or 2], wherein the nitrile used is an aliphatic 
nitrile. 

4. A process as claimed in claim 1 [any of claims 1 to 3], wherein the nitrile used ' 
a compound selected from the group consisting of adiponitrile and 6- 
aminocapronitrile. 



CLAIMS AS FILED - OZ 50778 

1 . A process for high pressure hydrogen activation of passivated iron useful as 
catalytically active component after said activation, which comprises effecting 
said activation in the presence of a nitrile at from 20 to 180°C. 

2. A process as claimed in claim 1 , wherein said activation is effected at from 2 to 
40 MPa. 

3. A process as claimed in claim 1 , wherein the nitrile used is an aliphatic nitrile. 

4. A process as claimed in claim 1 , wherein the nitrile used is a compound selected 
from the group consisting of adiponitrile and 6-aminocapronitrile. 
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Activation of passivated iron 
Description 

The present invention relates to a process for high temperature, 
high pressure hydrogen activation of passivated iron useful as 
catalytically active component after said activation, which 
comprises effecting said activation in the presence of a nitrile 
at from 20 to 180°C. 

Catalysts consisting wholly or substantially of elemental iron 
are very important, for example for the synthesis of ammonia from 
nitrogen and hydrogen, for producing hydrocarbons from synthesis 
gas (Fischer-Tropsch synthesis) and for the hydrogenation of 
nitriles to amines (J.W. Geus, Applied Catalysis 25., 313 - 333 
(1986)). 

Such catalysts are usually prepared by reducing iron oxides with 
hydrogen. To this end, the iron oxide is reduced in a hydrogen 
stream at high temperatures, the oxide oxygen being converted 
into water and removed in that form. 

DP patent 855,263 describes the reduction of molten and 
subsequently comminuted iron oxide at 400°C in a hydrogen stream. 

J. Mater. Sci. Lett. 8 (8) (1989), 895 - 898 reports the 
experimental finding that the complete reduction of iron oxides 
to iron in a hydrogen stream can only be achieved at temperatures 
above 4 00°C and that the reduction of doped iron oxides as used in 
ammonia synthesis can be achieved only at above 500°C. 

US 3,758,584 discloses at column 1 lines 47 to 65 reducing iron 
oxides at 300 to 600°C in the presence of 0.01 to 10 percent by 
35 volume of ammonia. Preference is given to a temperature of 350 to 
420°C, in which case the hydrogen contains 0.25 - 3 percent by 
volume of ammonia (column 2 lines 12 - 18). Such iron catalysts 
are used for example for hydrogenating adiponitrile to 
hexamethylenediamine . 

40 

According to US 4,480,051, the reduction can also be carried out 
in three stages by reducing the iron oxide with hydrogen or 
mixtures of hydrogen and ammonia in a first step, then treating 
the resulting elemental iron with an oxygen-containing gas in a 
45 second step and then as third step repeating the reduction 
similarly to the first step. 
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The reduced iron catalyst obtained according to the processes 
mentioned is pyrophoric. If the reduction of the iron oxide was 
carried out directly in the synthesis reactor contemplated for 
the later reaction, the catalyst can subsequently be used for the 
5 contemplated chemical reaction. However, the reduction in the 
synthesis reactor has disadvantages: since the reduction together 
with the heating and cooling takes many hours, the reactor is 
unavailable for manufacture during this period. In addition, the 
reduction temperature can be distinctly above the later synthesis 
10 temperature. So the reactor has to be overengineered because of 
the reduction. 

It can therefore be advantageous to reduce the iron oxide outside 
the contemplated synthesis reactor. However, the pyrophoric 
H15 catalyst has to be passivated by treatment with air in order that 
W it may be transported to the synthesis reactor and installed. 

m According to WO 98/11059, this passivation may be effected with 
JS nitrogen-oxygen mixtures at temperatures from 20 to 80°C, 
U20 preferably 25 to 60°C. The activation of such catalysts 
tp ("reduced/passivated") is then effected in the synthesis reactor 
" m in a hydrogen atmosphere at from 180 to 500°C, preferably from 200 
to 400°C. 

P 

=H25 Activation for the purposes of the present invention is the 
O conversion of reducedly [sic] /passivated iron into a 
iif catalytically active form. 

The disadvantage is that even the subsequent activation in the 
30 reactor necessitates high temperatures in the range from 200 to 
400°C. This leads to appreciable extra costs on account of the 
increased equipment needs (preheater, cycle gas compressor, 
reactor material, etc.). Also, although the time needed for the 
activation is less than with the initial reduction of the iron 
35 oxide, it is still high. For instance, A. V. Slack, G. R. James: 
Ammonia, Part II, Marcel Dekker Inc., 1977, 113 - 114 describes 
the procedure for activating a passivated iron used in ammonia 
synthesis. The activation takes place at from 300 to 480°C and 
takes about 17 hours, to which has to be added the same time for 
40 heating the reactor. 

DE-A-3,524, 330 describes the activation of passivated iron in the 
presence of a Redox system, eg ketone/alcohol, at temperatures of 
about 200°C. The disadvantages here are the high temperature and 
45 the appreciable time required for the activation. 
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It is an object of the present invention to provide a process for 
a technically simple and economical high temperature, high 
pressure hydrogen activation of passivated iron useful as 
catalytically active component after the activation without the 
5 disadvantages mentioned. 

We have found that this object is achieved by the process defined 
at the outset. 

10 The passivated iron which is used in the process of the invention 
and which is useful as catalytically active component after the 
activation can be obtained according to processes known per se. 

Useful precursors for such an iron accordingly include iron 
, , 15 oxides, iron hydroxides, iron oxyhydroxides or mixtures thereof 
?=i (component a). Examples include iron(III) oxide, iron(II, III) 
Fi oxide, iron (II) oxide, iron (II) hydroxide, iron (III) hydroxide or 
m iron oxyhydroxide such as FeOOH. Synthetic or naturally occurring 

iron oxides, iron hydroxides or iron oxyhydroxides can be used, 
%20 such as magnetite, which has the idealized formula of Fe304, brown 
S ironstone, which has the idealized formula of Fe20 3 x H 2 0, or red 
B ironstone (hematite), which has the idealized formula of Fe 2 0 3 . 



Useful precursors for such an iron include as component a) 
readily water-soluble salts of iron, such as nitrates, chlorides, 
acetates, formates or sulfates, preferably nitrates, or mixtures 
30 thereof, and also mixtures of such salts with the aforementioned 
iron oxides, iron hydroxides or iron oxyhydroxides. 

Such compounds can be used to produce unsupported iron catalysts, 
but are preferably used for producing supported iron catalysts. 

35 

The passivated iron which is used in the process of the invention 
and which is useful as catalytically active component after 
activation may include further components, such as promoters. 

40 Advantageous promoters are one or more of the following elements 
or compounds based on the following elements or mixtures thereof 
( component ( b ) ) : 

palladium, cobalt, ruthenium, rhodium, platinum, iridium, osmium, 
45 copper, silver, gold, chromium, molybdenum, tungsten, manganese, 
rhenium, zinc, cadmium, lead, aluminum, tin, phosphorus, arsenic, 




Such compounds can be used to produce supported iron catalysts, 
but are preferably used for producing unsupported iron catalysts. 
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antimony, bismuth and rare earth metals, silicon, zirconium, 
vanadium, titanium. 

5 Advantageous further components (component (c)) are one or more 
compounds based on one or more alkali or alkaline earth metals . 

To prepare the passivated iron useful as catalytically active 
component after activation, the precursor of component (a) may 
10 already contain component (b) or its precursors partially or 
completely. Similarly, to prepare the passivated iron useful as 
catalytically active component after activation the precursor of 
component (a) may already contain component (c) or its precursors 
partially or completely. 

15 

H= Preferred precursors for component (b) include readily 
jsj water-soluble salts or complexes of the elements mentioned, such 
as nitrates, chlorides, acetates, formates, sulfates, preferably 
m nitrates . 
=p 20 

D Preferred precursors for component (c) include readily 

ys water-soluble salts or complexes of the elements mentioned, such 

ps as hydroxides, carbonates, nitrates, chlorides, acetates, 

bj formates, sulfates, preferably hydroxides and carbonates. 

\* 25 

€? Catalyst precursors including passivated iron useful as 
J3 catalytically active component after activation with or without 
w ' component (b) or (c) or components (b) and (c) are useful as 
precursors for supported or unsupported catalysts. 

30 

Such supported catalysts may include conventional carrier 
materials, preferably aluminum oxide, silicon oxide, 
alumosilicates, lanthanum oxide, titanium dioxide, zirconium 
dioxide, magnesium oxide, zinc oxide, zeolites or activated 
35 carbon and also mixtures thereof. 

In a general embodiment for producing catalyst precursors, 
precursors of component (a) are precipitated if desired together 
with precursors of component (b) and if desired with precursors 
40 of component (c) in the absence or, in the case of supported 
catalysts, in the presence of carrier materials, if desired the 
catalyst precursor thus obtained is processed into extrudates or 
tablets, dried and subsequently calcined. 



45 
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The precipitation from generally aqueous solutions may be 
effected in a conventional manner, for example by addition of 
precipitating reagents, by changing the pH or by changing the 
5 temperature. 



Supported catalysts are generally also obtainable by saturating a 
carrier material with a solution of component (a), if desired 
component (b) and if desired component (c), the individual 
10 components being added simultaneously or in succession, or by 
spraying the components (a), if desired component (b) and if 
desired component (c) onto a carrier material in a conventional 
manner . 



^15 The catalyst precursor material thus obtained may be predried in 
p a conventional manner, generally at from 80 to 150°C, preferably 
O at from 80 to 120°C. 



This is generally followed by a calcination. The calcining is 



^20 customarily effected at from 150 to 500°C, preferably at from 200 
m to 450°C, in a gas stream, for example an air stream or a nitrogen 
s stream. 



The catalyst precursors including passivated iron useful as 



J5 obtained by melting iron-containing oxides, hydroxides or 
m oxyhydroxides or mixtures of such compounds at above 1500°C. These 
iron-containing starting compounds may already include component 
(b) or component (c). It is similarly possible if desired to add 
30 component (b) or component (c) or components (b) and (c). 

After calcination, the catalyst precursor material is generally 
exposed to a reducing atmosphere. This is preferably done by 
exposing the catalyst precursor material to a gas atmosphere 

35 containing molecular hydrogen and if desired further gases, 

especially inert gases, such as nitrogen, at from 200 to 500°C, 
preferably at from 250 to 450°C. The reaction times are generally 
within the range from 2 to 72 hours. The space velocity over the 
catalyst precursor in this operation is preferably in the range 

40 from 100 to 500 standard 1/1 of catalyst precursor x hour, the 
space velocity over the ammonia synthesis catalyst precursor is 
preferably in the range from 2000 to 10,000 standard 1/1 of 
catalyst precursor x hour. 



45 The catalyst precursor including metallic iron is generally 

passivated at from 20 to 100°C, preferably at from 25 to 60°C. An 
advantageous way of doing this is to contact the catalyst 
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precursor with an oxidizing gas, preferably with a gas containing 
molecular oxygen, especially with a mixture of nitrogen and 
oxygen. 

5 To prepare a passivated catalyst including iron useful as 

catalytically active component after activation, the invention 
provides that the catalyst precursor be activated with hydrogen 
at from 20 to 180°C and at elevated pressure in the presence of a 
nitrile. 

10 

The hydrogen may be used as pure gas or as a gas containing 
further constituents, such as inert gas, for example nitrogen or 
argon, especially nitrogen. 

15 The activation of the catalyst precursor may be effected with 
1=4 advantage in the reactor in which the catalyst is used after 
5 activation. To this end, the catalyst precursor may be disposed 

H as a fixed bed in the reactor or be suspended in the reactor in a 

U? 

m solvent. 
$20 

O Useful nitriles include in principle all nitriles individually or 

mixed, ie organic compounds which contain at least one, 
JL preferably more than one, such as two, three or four, nitrile 
ifl groups which are reactive in the process of the invention, such 
p25 as aromatic nitriles, ie nitriles in which the nitrile group is 
yp directly attached to an aromatic or arylaliphatic, for example 
O benzonitrile, o-aminobenzonitrile or phthalonitrile, or aliphatic 
ni nitriles, ie nitriles in which the nitrile group is directly 

attached to an aliphatic system or to the aliphatic moiety of an 
30 arylaliphatic. 

The aromatic or aliphatic nitriles may bear one or more, such as 
two, three or four, further identical or different functional 
groups, such as amino groups or ester groups. 

35 

Useful aliphatic nitriles are aliphatic nitriles of from 1 to 20 
carbon atoms, reckoned without the nitrile group or groups and 
with the aliphatic system being linear, branched or cyclic, such 
as linear .nitriles having one nitrile group, for example 

40 acetonitrile or propionitrile, cyclic nitriles having one nitrile 
group, for example cyclohexyl nitrile, linear nitriles having one 
nitrile group and a further functional group, for example 
cyanoacetic esters or 6-aminocapronitrile, such as linear 
nitriles having two nitrile groups, for example 

45 2-methylglutaronitrile, adiponitrile or succinonitrile. 
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It will be appreciated that mixtures of a plurality of nitriles 
may also be used. 

The preparation of such nitriles is known per se. 

5 

When the catalyst precursor is disposed as a fixed bed in a 
reactor, the activation may be carried out continuously or 
batchwise in downward or upward flow. According to the invention, 
the temperature is in the range from 2 0 to 180°C, especially from 
10 30 to 150°C. The pressure should advantageously be in the range 
from 2 to 40 MPa, especially from 3 to 30 MPa. 

The activation may preferably be carried out in the presence of 
an inorganic solvent, such as ammonia, or of an organic solvent, 
= ,15 such as an amine, diamine or triamine, preferably of from 1 to 6 
P carbon atoms, for example trimethylamine, triethylamine, 
p tri-n-propylamine, tri-i-propylamine, tributylamine, such as an 
TO alcohol, for example methanol, ethanol, n-propanol, i-propanol, 
n-butanol, i-butanol, s-butanol, preferably ammonia. 

S 20 

jS In a preferred embodiment, from 1 to 10 g, preferably from 2 to 
I 6 g, of solvent, especially ammonia, may be used per g of 
C nitrile. 

Us 

^25 The space velocity over the catalyst precursor is advantageously 
% in the range from 0.1 to 2.0 kg, especially from 0.3 to 1.0 kg, 
fCl of nitrile/1 x h. 

When the catalyst precursor is used in the form of a suspension 
30 in a solvent, the activation may be carried out batchwise or 
preferably continuously in the liquid phase in particular. The 
temperature should advantageously be in the range from 20 to 
180°C, preferably from 40 to 150°C, especially from 50 to 100°C. 
The pressure should advantageously be in the range from 2 to 
35 40 MPa, preferably from 2 to 30 MPa, particularly preferably from 
3 to 30 MPa, especially from 4 to 9 MPa. The residence time 
should advantageously be in the range from 50 to 275 min, 
preferably from 70 to 200 min. 

40 The activation may preferably be carried out in the presence of 
an inorganic solvent, such as ammonia, or of an organic solvent, 
such as an amine, diamine or triamine, preferably of from 1 to 6 
carbon atoms, for example trimethylamine, triethylamine, 
tri-n-propylamine, tri-i-propylamine, tributylamine, such as an 

45 alcohol, for example methanol, ethanol, n-propanol, i-propanol, 
n-butanol, i-butanol, s-butanol, preferably ammonia. 
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In a preferred embodiment, the nitrile concentration is in the 
range from 10 to 90% by weight, preferably from 30 to 80% by 
weight, especially from 40 to 70% by weight, based on the sum 
5 total of nitrile and solvent. 

In a preferred embodiment, the amount of catalyst precursor, 
based on the amount of nitrile, is in the range from 1 to 50% by 
weight, especially from 5 to 20% by weight. 

10 

The nitriles used in the process of the invention are generally 
obtained partly as amines and partly as carboxamides after the 
activation. 

15 The course of the activation may be followed in a conventional 
M= manner, for example by gas chromatographic analysis of the 
Q reaction effluent in the case of a continuous process or gas 
^ chromatographic analysis of samples of the reaction mixture in 
m the case of a batchwise process. 
| 20 

p Particularly advantageous catalytically active iron obtainable by 

the process according to the invention includes from 0 to 25% by 
* weight of component (b), based on component (a), and from 0 to 
rtj 10% by weight of component (c), based on component (a). 



t 25 

5 
m 



Optimum parameters for obtaining the desired composition are 
O simple to determine in a few preliminary experiments. 



The iron obtainable by the process according to the invention is 
30 useful in numerous chemical processes, for example the synthesis 
of ammonia from nitrogen and hydrogen, the production of 
hydrocarbons from synthesis gas (Fischer-Tropsch synthesis) or in 
hydrogenations, such as the hydrogenation of nitriles, especially 
alpha, omega-dinitriles to alpha, omega-aminonitriles or 
35 alpha, omega-diamines, as catalytically active component in 
heterogeneous catalysts . 

The heterogeneous catalysts are preferably used in the 
hydrogenation of adiponitrile to hexamethylenediamine and the 
40 partial hydrogenation of adiponitrile to 6-aminocapronitrile and 
hexamethylenediamine . 

If the catalyst is used for the synthesis of ammonia from 
nitrogen and hydrogen or for the production of hydrocarbons from 
45 synthesis gas (Fischer-Tropsch synthesis), the heterogeneous 
catalyst may, after activation, be advantageously washed with 
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solvents, such as alcohols, hydrocarbons, amines, ammonia or 
ether, and if appropriate dried. 

If the catalyst is used for the hydrogenation of nitriles, the 
5 nitrile to be reacted over the activated catalyst may 

advantageously be used during the activation in the process of 
the invention. 

Example 1 

10 

All %ages in the example are by weight, unless otherwise stated. 

a) Activation of reducedly passivated iron 

15 The catalyst precursor was prepared by melting a magnetite ore in 
air at above 1550°C. The magnetite ore used had the following 
S3 . . 

PI composition: 

5 

09 72% of Fe, 0.08% of Al, 0.03% of Ca, 0.05% of Mg, 0.12% of Si, 
=F20 0.01% of Ti, 0.17% of Mn, balance oxygen. 

o 

fn 

* The cooled melt block was comminuted in a jaw crusher. A sieve 
Pi fraction of particle size 1.5 - 3 mm was separated out by sieving 
yj and reduced in a hydrogen/nitrogen stream at 450°C in the course 
M'25 of 72 hours. After cooling down to room temperature under 
M3 nitrogen, the catalyst was passivated with a mixture of 1% of air 
{JJ with nitrogen in the course of 24 hours, care being taken to 

ensure that the temperature of the bed hot spot did not exceed 

45°C. 

30 

In a 270 ml autoclave, 80 g of reducedly [sic] /passivated 
catalyst spall was installed in a wire cage and the autoclave was 
sealed. 69 g of ammonia and 34.5 g of ACN were then introduced, 
the autoclave was heated to 110°C and hydrogen was pressed in via 

35 a 2000 rpm sparging stirrer to a total pressure of 250*10 5 Pa. 
After about an hour, the hydrogen uptake started, the rate of 
uptake rising almost linearly with time until the nitriles had 
been completely converted. Samples were taken during the 
reaction, and it was determined that ACN is completely converted 

40 into HMD and ACSA (Tab. 11 . 

ACN = 6-aminocapronitrile 
HMD = hexamethylenediamine 
ACSA = 6-aminocaproamide 
45 ADN = adiponitrile 
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Tab. 1 



5 



Reaction time 
(min) 


ACN 
( area % ) 


HMD 
(area %) 


ACSA 
(area %) 


70 


96.22 


1.10 


2.10 


135 


61.02 


30.93 


6.92 


195 


2.95 


86.89 


8.80 


255 


0.54 


89.36 


8.76 


360 


0.17 


89.73 


8.73 



Table 1 shows that the water formed reacts with ACN to form ACSA. 



b) Hydrogenation of adiponitrile to hexamethylenediamine 

15 The catalyst prepared according to 1 a) by activation of 
y. reduced-passivated iron catalyst was used in the same reactor for 
Q hydrogenating adiponitrile to hexamethylenediamine. Unlike la), 
O the reactor was operated continuously. The hydrogenation was 

carried out at 135°C, 250*10 5 Pa and a catalyst space velocity of 
~? 20 1 *0 kg of ADN/1 of cat. x h. A mixture of ammonia and ADN in a 
pj weight ratio of 2 : 1 was fed into the reactor continuously. 
81 During a period of 100 hours samples were taken and analyzed by 
? gas chromatography, revealing a hexamethylenediamine yield of 99% 
H coupled with complete ADN conversion. 

yi 

U 25 

m 
o 

fir 



30 



40 



45 
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We claim: - 

1. A process for high pressure hydrogen activation of passivated 
5 iron useful as catalytically active component after said 

activation, which comprises effecting said activation in the 
presence of a nitrile at from 20 to 180°C. 

2. A process as claimed in claim 1, wherein said activation is 
10 effected at from 2 to 40 MPa. 

3. A process as claimed claim 1 or 2, wherein the nitrile used 
is an aliphatic nitrile. 

15 4. A process as claimed in any of claims 1 to 3, wherein the 

nitrile used is a compound selected from the group consisting 
of adiponitrile and 6-aminocapronitrile. 
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12 

Activation of passivated iron 
Abstract 

5 

A process for high temperature, high pressure hydrogen activation 
of passivated iron useful as catalytically active component after 
said activation comprises effecting said activation in the 
presence of a nitrile. 

10 
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We (I), the undersigned inventor(s), hereby declare(s) that: 

My residence, post office address and citizenship are as stated below next to my name, 

We (I) believe that we are (I am) the original, first, and joint (sole) inventor(s) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

ACTIVATION OF PASSIVATED IRON 

M: the specification of which 

U ffi is attached hereto. 

Vi f ] was filed on as 



Application Serial No. _ 
and amended on 



fx] was filed as PCT international application 

Number _PCT/EP/OOf09020 

on 75 September 2000 



and was amended under PCT Article 19 



We (I) hereby state that we (I) have reviewed and understand the contents of the above- identified specification, including 
the claims, as amended by any amendment referred to above. 

We (I) acknowledge the duty to disclose information known to be material to the patentability of this application as 
defined in Section 1.56 of Title 37 Code of Federal Regulations. 

We (I) hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT International application which designated at least one country other 
than the United States, listed below and have also identified below, by checking the box, any foreign application for patent 
or inventor's certificate, or PCT International application having a filing date before that of the application on which priority 
is claimed. Prior Foreign Application(s) 

Application No. Country Day/Month/Year Priority 

Claimed 



19947508.3 



Germany 



01 October 1999 



fx] Yes f ] No 
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We (I) hereby claim the benefit under Title 35, United States Codes, § 119(e) of any United States provisional 
application(s) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 



We (I) hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States or PCT International application in the manner provided by the 
first paragraph of 35 U.S.C. § 112, 1 acknowledge the duty to disclose information which is material to patentability as defined 
in 37 CFR § 1.56 which became available between the filing date of the prior application and the national or PCT International 
tting date of this application. 

b 

Application Serial No. Filing Date Status (pending, patented, 

fS; abandoned) 

§ 



And we (I) hereby appoint HERBERT. B. KEIL, Registration Number 18,967; and RUSSEL E. WEINKAUF, 
Registration Number 18, 495; the address of both being Messrs. Keil & Weinkauf, 1101 Connecticut Ave., N. W., Washington, 
D.C. 20036 (telephone 202-659-0100), our attorneys, with full power of substitution and revocation, to prosecute this 
application, to make alterations and amendments therein, to sign the drawings, to receive the patent, and to transact all 
business in the Patent Office connected therewith. 

We (I) declare that all statements made herein of our (my) own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the application or any patent issuing 
thereon. 
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NAME OF INVENTOR 



Signature of Inventor 

Date October 5, 2000 



Schulstr.7 
69 221 Dossenheim 
Germany 
Citizen of: Germany 
Post Office Address: same as residence 



Rolf Fischer 
— ^AMK OF IN VKNTOR 

Signature of Inventor 

BS 

]p ate October 5, 2000 

O 



69121 Heide lberg. 
Germany 

Citizen of: Germany 
Post Office Address: same as 



^enmm-Lu)!ken-^ 
pJAME OF INVENTOR 



1 -f — &i 

5 'Signature of Inventor / 
Date October 5, 2000 



Brusseler Ring 34 

67 Q69 Ludwigsh qfen 

Germany Q€l^ 

Citizen of: Germany 

Post Office Address: same as 



Joh ann-Peter Melder 
qAMEOE INVENTOR 



Signature of Inventor 
Date October 5, 2000 



Fichtenstrafie 2 

67459 Bohl-Iggelhe tm 

Germany ~~ UtA 

Citizen of: Germany 

Post Office Address: same as residence 
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NAME OF INVENTOR 



Signature of Inventor 

Date October 5, 2000 



MaxSlevogt-Str.25 
67 2J7 Frankentha l 
Germany ~" UC_^ 
Citizen of: Germany 
Post Office Address: same as 



Andreas Ansmann 
' NAME OF INVENTOR 



Q ^A ^d (AA/MMA 
pignature of Inventor 

Ja te October 5, 2000 



im Kopfle 6 
6 9168 Wiesloch 
Germany ' 
Citizen of: Germany 
Post Office Address: same as 



Same of inventor 



Signature of Inventor 

'ffate October 5, 2000 



Maria-Mandel-Str.18 

68519 Viernheim r\Z.y 

Germany ~~~ tfCr 

Citizen of: Germany 

Post Office Address: same as residence 
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